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I. INTRODUCTION
Resolving malocclusion along with balanced facial esthetics and function have
always been hallmarks of well-executed orthodontic treatment. These general objectives
are universally desirable, but fail to identify specific solutions to an individual patient's
problems. Thus, treatment planning requires establishing individualized treatment
objectives. Specific morphological objectives may include changes in the skeletofacial
relationships, soft tissue and lip profile, occlusal plane, midline, dental arch width,
anterior-posterior and vertical incisor and molar positions. Selecting precise, individual
treatment goals allows a standard for evaluation of treatment outcome by comparing the
final result to the treatment objectives. This enables the orthodontist to measure his/her
precision of treatment. The ability of the orthodontist to achieve specific individual
treatment goals indicates proficiency in controlling tooth movement.
Orthodontic treatment mechanics selected and designed to be consistent with
treatment goals may result in greater predictability of treatment outcomes. Precise
control of tooth movement and anchorage may permit predictable treatment outcomes.
If the teeth can be controlled and if the lips move in relation to the teeth in a
predictable fashion, then the treating orthodontist should be able to have control over
the lip profile. The present study plans to investigate the effect of predetermined
incisor movement and anchorage control to achieve a predictable lip and profile
change.
1
ll. BACKGROUNDILITERATURE REVIEW
Treatment Outcomes
Objective assessment of treatment outcome in all fields ofdentistry is difficult. l In
orthodontics, the range of possible treatment results is wide and the potential criteria
for assessing outcomes are broad, including both objective and subjective
measurements. Objective dimensions include quantifiable changes associated with
treatment. Few studies in orthodontics have evaluated treatment based on specific,
objective criteria.
Interestingly, orthodontics lacks clear standards ofcare for evaluating treatment
needs and treatment outcomes. Angles,2 system of evaluation and classification still
serves as the most popular and most widely used method to describe and evaluate a
malocclusion. Van Kirk and Pennel13 developed an objective method for assessing
malocclusions in population groups. This index was not that useful in that it was based
on the concept that the unit of occlusion was the single tooth. In the 1960's, the
Treatment Priority Index4 was developed. This index handicapped a malocclusion
based on information gained on the clinical exam and/or on the information gathered
from the dental casts. This index was better in that it was objective. However, this
index still did not take into consideration spacing, midline asymmetry, and most
importantly it did not address the effect of the malocclusion on facial esthetics.
The Handicapping Malocclusion Assessment Record5 was developed to
provide a means of establishing treatment priority for different malocclusions. This
index incorporates most of the components of earlier indices and organized the
information into an easy to use format. Summers6 created the Occlusal Index. This
2
3system identified and scored occlusal disorders. This index provided a subjective
classification and a suggested range of scores for each classification. Pickering and
Vig7 were the first to use Summers Occlusal Index to assess the effectiveness and
outcome of orthodontic treatment. They found that a proportion of the treated patients
did not benefit from treatment, and the use of fixed appliances was the most effective
treatnlent method. Elderton and ClarkS used this index to score a patient before
treatment and then compared this to their post-treatment score. The difference between
these two scores was the treatment effect. Before treatment they obtained an Occlusal
Index score of9.9 units for their sample. At the end of treatment, the mean Occlusal
Index score dropped by 4.4 to 5.5 units. In spite of the fact that the treatment effect did
drop by 4.4 units a substantial improvement was only seen in one third of their cases.
These cases were the ones that started with marked malocclusions. In the other third
there was little or no change in the occlusion for the better. The Index of Orthodontic
Treatment Need9 was designed to measure esthetics in addition to malocclusion to
identify the patients that would most likely benefit from orthodontic treatment.
However, this index based its esthetic component on dental photographs, while
ignoring the soft tissue and skeletal aspect of a patient's occlusion.
The Peer Assessment Rating index (PAR), which was developed in Britain in
1987, is an occlusal index that measures the severity of different dental
malocclusions. 1o The purpose of this index is to evaluate an individual patient and
compare it with one deemed to have "normal" alignment and occlusion. A score for
this index, which is obtained from study casts, can be determined for both pre-
treatment and post-treatment results. A chang~i~gt~_b~f~~~!!4~fi~r_:e~_sCQres _
4reflects the treatment effect, improvement and or success, on the occlusion and
alignment of the teeth. 10
All of these indices have many problems as they disregard both the skeletal and
soft tissue components of treatment and only examines the plaster casts to determine
the "success" of treatment. They also fail to establish individual treatment goals for
each patient. They assume that each patient consists of only teeth and the goals for a
"good" occlusion are the same for each and every patient. All of the indices state a
successful treatment outcome is one where the post-treatment score is better than the
pretreatment score. These indices are of the "generic" nature and do not allow an
assessment of total individualized goals for a specific patient.
All of these indices allow some determination of treatment need and/or
treatment outcome. However, each of the indices has flaws and limits the assessment
of treatment outcome. It seems that these indices exist more to quantify a dental
malocclusion while ignoring numerous other factors.
Holdawayl1 devised the tenn "visual treatment objective" (VTO) to describe
his technique in planning treatment of an individual orthodontic patient. Visual
treatment objectives integrate various components of diagnosis to arrive at an
individualized treatment plan, which can be drawn on a patients' lateral cephalogram.
Visual treatment objectives also became an integral part ofbioprogressive treatment
philosophy in the nineteen-seventies. Bench12 stated, "a VTO serves as a blueprint of
proposed results which have been constructed from a patient's original lateral
cephalogram with anticipated changes due to growth and treatment."
5Objective analysis of treatment outcome in orthodontics is rare. The gold
standard for detennining the efficacy of treatment remains the randomized clinical
trial. Unfortunately, this scientific methodology is fraught with problenls in a technical
field such as orthodontics or dentistry. Johnston52,53 pointed out several concerns
regarding randomly assigning patients to one of several treatment groups. This random
grouping creates ethical concerns (i.e. no treatment vs. non-extraction treatment vs.
premolar extractions vs. orthognathic surgery). Profitt}3 and Ghafari14 agreed and
believed that it is highly unlikely in the current clinical atmosphere that a randomized
clinical trial would be judged ethical. Another problem may be that the technical skills
of individual orthodontists vary. Each patients' individual malocclusion and associated
problems are unique; they can not be divided into groups based on a treatment
modality, such as extraction vs non-extraction treatment, and then have their results
compared. No two patients are identical and each has a very complex relationship
between treatment and the resulting skeletal and soft tissue changes. One of the most
debated issues is the extraction vs. non-extraction controversy. Some orthodontists
believe that extraction treatment tends to flatten a patients profile. 22,23,24,25,26,27 It seems
that some orthodontists tended to take one side or the other and became strong
believers in their selected philosophy. This dogma has and still does influence many
treatment plans and decisions.
Extraction vs. Non-Extraction Treatment
Angle15,16 and his followers, staunch believers in non-extraction in any
circumstance, believed that if the teeth were in harmony then the face would be as
6well. Angle stated that with his orthodontic technique, he could influence the bone to
grow, which in tum would eliminate the need for extractions. Case17, on the other
hand, believed in extraction therapy when necessary. Case believed an individual
malocclusion was inherited and it was the result of mixing the various face types and
races. His feeling was that bone would only grow to its inherent potential. Hence,
extractions were needed to treat sonle malocclusions. This controversy also became a
conflict of egos resulting in personal attacks. 18 Tweed 19 and Grieve20,21 were of the
opinion that a non-extraction treatment approach placed the teeth in an unstable
position. Some adamantly believe that premolar extraction will result in the flattening
or "dishing in" of the profile.22,23,24,25,26,27
Witzig and Spahl22 stated that bicuspid extraction effects the face in many
ways. First they believe that extraction treatment leads to a narrower smile and as the
remaining teeth are moved into this empty space, a smaller overall arch results. This
can create the illusion that the teeth are not of sufficient size to fill the space of the
oral cavity upon smiling. They believe that extraction treatment causes the premaxilla
to be brought back too far with space closure. This leads to diminished support for the
upper lip and causes an aged and "sunken-in" appearance. Another side effect they
state is as the premaxilla is retracted the nose appears to be longer and more pointed,
giving the patient a more "fish like" appearance. They believed that premolar
extraction was a technique that was never designed with the face, the stability ofthe
occlusion, nor the health of the TMJ in mind, merely the decrowding of the arches.
They proposed that premolar extraction leads to a reduction in vertical dimension,
over-retraction of the premaxilla, retroclination of the upper incisors, deepening of the
7bite, and anterior incisal interference. This caused distalization of the mandible,
posterior displacement of the condyles and tempro-mandibualar joint dysfunction.
Witzig and Spahl22 based these conclusions on their personal feelings rather than any
scientific controlled study. Their findings have been criticized by several other
studies.28,29,30,31,32,33,34
Eire~3 treated a pair of identical twins. One of the twins was treated by the
extraction of four premolars and the other was treated with a functional appliance to
expand the arches. He found that the patient treated with the four bicuspid extractions
became so "sunken-in" and "fish like" compared to her sister that the study had to be
stopped due to the feelings of that patient. This patient developed a severe inferiority
complex. He stated that the extraction patient had been dealt an "unkind blow and now
viewed her self as the ugly sister." Bowbeer24,25,26,27 had the same overall feelings but
with no supporting scientific data. He thought that many of his cases looked
retrognathic and flat. Bowbeer believed that the cause of this appearance was due to
extraction therapy.
Another consideration is the functional impact of therapeutic extractions in
orthodontic treatment. Sadowsky et a1. 28 examined changes in the occurrence and
resolution ofjoint sounds in patients before and after orthodontic treatment with fixed
appliances. 160 patients were examined before and after orthodontic treatment. They
found no statistically significant difference in the change of occurrence ofjoint sounds
among patients treated with extraction and nonextraction treatment. Overall, fewer
patients had joint sounds at the end of treatment than before. Dibbets and Van der
Weele29 looked at the effects of orthodontic treatment and extraction therapy on
8craniomandibular dysfunction (CMD). Their sample consisted of 172 patients who
were treated with either removable appliances or Begg mechanics. 34% of their
patients had nonextraction treatment and 66% had extraction treatment to correct their
malocclusion. They concluded that there was no relationship between CMD symptoms
and the type of treatment performed. Further, they stated symptoms that indicate
serious CMD problems do not appear to be related to either extraction vs.
nonextraction treatment.
Kundinger et a1. 30 studied the function of the temporomandibular joints and its'
related muscles after orthodontic treatnlent involving premolar extraction. There were
two groups in their study. The first consisted of twenty-nine patients who had
undergone orthodontic treatment with extraction therapy. The second group was a
control group of twenty-nine healthy dental students who never had orthodontic
treatment. They found no significant difference between the control group and the
treated group with regard to the temporomandibular joint and their corresponding
muscles. Kremenak et a1. 31 looked at orthodontics as a risk factor for developing
tempromandibular disorders. The sample consisted of 109 predominantly female Class
I patients. They found in their sample that orthodontic treatment was not an important
etiologic factor in developing tempromandibular disorders. Gianelly32 used corrective
tomography to evaluate the positions of the condyles in patients who had undergol1e
four-premolar extraction treatment and those that had not yet received orthodontic
treatment. He found that condylar position and the depth of a patients bite were
unrelated to extraction treatment.
9Luecke and Johnston34 looked at the effect of maxillary first premolar
extraction and incisor retraction on the position of the mandible. Their sample
consisted of forty-two Class II division 1 malocclusion patients who were treated in
conjunction with the extraction of two maxillary first premolars. They found that
mandibular displacement was correlated with changes in the spatial position of the
buccal occlusion but not with maxillary retraction. Surface changes tended to keep the
head of the condyle fixed in space. Finally, although patient treatment produced
marked incisor retraction, the soft tissue profile appeared to have been more
influenced by the growth of the nose and the chin. This data failed to support the claim
that premolar extraction and incisor retraction must lead to unsightly profiles and
distal displacement of the mandible. McLaughlin and Bennett35, in their review of
literature, stated that there is no evidence to link premolar extraction to
temporomandibular disorders. Furthermore they found no evidence that premolar
extraction leads to the collapse of the vertical dimension, and flattening of the facial
profile. Thus, the majority of the scientific studies have failed to support the
contention that extraction's increase the risk oftempromandibular dysfunction
following orthodontic treatment.
This study will examine the relationship, of incisor movement and extraction
therapy in relation to their effect on profile changes in growing patients. With this
information an orthodontist may be able to develop improved predictors of lip profile
change associated with orthodontic treatment.
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Incisor movement (Extraction Treatment) relating to lip change
Multitudes of analytical methods have been utilized in hopes of identifying the
relationship between premolar extraction and the corresponding change in the facial
profile.46, 50-54 None of these studies have been successful in establishing a reliable
method of predicting lip/soft tissue response to treatment. 37-40, 43-54 While the topic of
soft tissue changes associated with orthodontic extraction therapy and/or incisor
movement has been extensively studied, well-defmed predictors of this relationship
remain elusive. The ability to control incisor movement implies an ability to control
profile change.
Riede136 believed that the soft tissue profile was closely related to the skeletal
and dental structures that comprise the bony profile. However, recent studies have
shown that the therapeutic or mechanical movements of hard tissue landmarks do not
result in equivalent movement of their soft tissue counterparts.37,38,39,40,41,42
Burstone37,43stated that there is variation in the soft tissue thickness covering the
skeletal face. Therefore, treatment based on dentoskeletal standards can not be
expected to produce a desirable soft tissue profile. He believes that orthodontists are
concerned mainly with the skeletal aspect of treatment, thus ignoring the soft tissue
component. Subtelny41 agreed with Burstone and stated that all parts of the soft tissue
profile do not move in the same direction as their skeletal counterparts. Numerous
d· 444546474849 h ·fi II . d h I· d til h . dstu les ~ , , " ave SpeCl lca yexamlne t e lp an pro 1 e c anges associate
with incisor and hard tissue movement. The literature is inconclusive as to the effects
of these changes on the soft tissue profile.
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Many ratios for the amount of lip and or soft tissue change associated with
incisor movement have been reported. O'Reilly44 studied twenty-five cases of serial
extraction treated at the University of Washington. He concluded that orthodontic
treatment did alter the facial profile though the extent of change was unpredictable.
Bloom45 conducted a study in sixty treated Caucasian patients to examine the
correlation between the movement of the teeth and the subsequent changes in the
perioral tissue. He found that the soft-tissue response was closely related to that of the
orthodontically moved hard-tissue structures (correlation values ranging from. 73 to
.93). He stated that it was possible to predict the perioral soft-tissue profile changes in
relation to the expected amount of anterior tooth movement. Rudee46 studied eighty-
five patients from his practice and, suggested that for every 2.0 mm ofmaxillary
incisor retraction, the upper lip retracted 1.0 mm. In this sample, he found there
existed a one to one ratio of lower lip to mandibular incisor retraction.
Buchin47 found that retraction of the mandibular incisor also resulted in a one
to one ratio of retraction of the lower lip, but the upper lip was not as predictable. In a
sample of Caucasian females sixteen years of age or older, Hershey39 found that the
retraction of the upper incisors produced a reduction in upper lip protrusion; however,
the amount of reduction was unpredictable. Conclusions from this study were limited
because his sample consisted ofall Caucasian females who were over the age of 16.
Burstone48 postulated that there is a relaxed lip position that is independent ofboth
tooth and alveolar position. In examining a group ofedentulous patients, it was found
that their lips did not routinely fall back giving them a sunken in look. From this he
concluded that the lips have some inherent support.
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Huggins49 conducted a study of Class II division I patients, to evaluate the
changes in hard and soft tissue profiles as a result of their overjet reduction. Huggins
sample consisted of 14 males and 19 females. He concluded that orthodontic
treatment aiming to retract the upper buccal segments alters the lip posture and
"improves" patients facial profiles. The sample size of this study was small, and only
twenty-two out of the thirty-three patients had the upper incisors retracted. Rains and
Nanda40 found a ratio of 8:5 for upper incisor to labrale superius retraction but added
that the upper lip movement was also influenced by both the upper and lower incisor
movement, mandibular rotation, and the position of the lower lip. They found no
significant correlation between movement of the lower incisor and the response of the
lower lip. This study consisted of thirty non-growing patients.
Talass et al. 50 conducted a study in which they evaluated the changes in
patients upper lip, lower lip, and nasolabial angle with incisor retraction and additional
cephalometric variables. Their patient pool consisted of 80 orthodontically treated
Class II division I Caucasian females. They also had a control group of 53 Caucasian
females who were not treated. The treated patients were placed into one of 5 groups
according to their age. The control patients each matched one or more of the treatment
patients based on their age and skeletal pattern namely: upper facial height (N-ANS),
lower facial height (ANS-Me), and the antero-posterior locations of subnasale and
supramentale, all within a range of +/-1.5mm. For each ofthe treated patients, that
were growing, the growth effect, determined from the control group, was subtracted.
Hence, all of the change that occurred would, in theory, be due to tooth movement
only. The predictability of upper lip retraction was of modest clinical use achieving a
13
coefficient ofdetermination of48.5%. The coefficient of determination for nasolabial
angle was only 41.6%; again the predictability of this change is of marginal use.
Denis and Speidel38 studied the accuracy of three different methods for
predicting horizontal soft-tissue changes in non-growing patients. Three prediction
models were used: 1) mean ratios of soft tissue changes to corresponding hard tissue
changes, 2) bivariate regression on corresponding hard/soft tissue landmark changes,
and 3) stepwise multiple regression. They found no prediction technique that could
explain how the hard tissue movement affected the corresponding soft tissue
movement.
Drobocky and Smith51 studied the changes in facial profile during orthodontic
treatment with the extraction of four premolars. In their sample of patients, all had
decreases in lip protrusion as a result of treatment; additionally, 15% visually appeared
to have a flattened lip after their treatment. They considered this number to be very
small and concluded that incisor retraction after premolar extraction did not have a
negative effect on most patients' facial profile. This study did not examine the
relationship between hard and soft tissue changes.
Johnston and colleagues52,53 reported on the differences between extraction and
non-extraction therapy for Class II division 1 malocclusions. These well-conceived
studies, utilizing a "retrolective-prolective" design, demonstrated differences in the
outcome of profile changes between the extraction and non-extraction groups.
Comparing the results for "borderline" cases, the non-extraction treatment produced a
significantly more protrusive denture and fuller lip profile. Interestingly, when the
profiles for the extraction and non-extraction groups in "clear-cut" cases were
14
compared, the extraction patients actually finished with fuller profiles than the non-
extraction patients did. However, in both studies, extraction therapy resulted in a
reduction in lip profile. These studies did not report the variation in incisor change
within the extraction and non-extraction groups making it difficult to evaluate the
distribution of incisor change with either treatment.
Bishara et al. 24 compared dentofacial and soft tissue changes in Class II,
Division 1 cases treated with and without extraction. They concluded that the upper
and lower lips were more retrusive in the extraction group relative to the treated non-
extraction group.
Brav054 conducted a study to evaluate soft tissue facial profile changes after
orthodontic treatment with the extraction of four premolars. His sample consisted of
only 16 female patients who had eXPerienced their first menstruation. He concluded
that extraction of premolars should be avoided if any ofthe pretreatment
cephalometric measurements meet the following criteria: 1) Nasolabial angle> 110, 2)
Ls to Sn-Pg' line> 3mm, 3)Li to Sn-Pg' line> 2mm, 4) Ss to H line> 3mm, and 5) Li
to H line> Omm. These conclusions may be useful guidelines for general treatment
planning purposes. However, these guidelines should be viewed with discretion rather
than absolute when treatment planning a specific patient.
Bishara et al. 55 in another study, examined treatment and post-treatment
changes in patients with Class II, Division 1 malocclusion after extraction and non-
extraction treatment. They concluded that skeletal and soft tissue facial profiles were
straighter in the extraction groups and the upper and lower lips were more retrusive in
this group and more protrusive in the nonextraction group. Their findings suggested
15
that the extraction/nonextraction decision, ifbased on sound diagnostic criteria, does
not have a negative effect on a patients' profile. They emphasized that clinicians
should be aware of the trends introduced by the two treatment modalities to avoid
accentuating any undesirable esthetic characteristics.
Changes in the nasolabial angle associated with maxillary incisor retraction
have also been evaluated. Lo and Hunter56 found that the greater the amount of
maxillary incisor retraction, in treated Class II division 1 malocclusions, the greater the
change in a patients' nasolabial angle. In their sample, 1 mm of upper incisor retraction
increased the nasolabial angle by 1.6 degrees. Additionally, the ratio was constant for
both large and small amounts of upper incisor retraction. These findings contradict the
findings of Talass et al. 20 who did not find any predictable relationship for upper
incisor retraction and increase in nasolabial angle.
At this time, there is no "state of knowledge" of the effect of orthodontic
treatment on soft tissue changes in a growing patient. This is a heavily debated issue
that seems to have two opposing views that are based partly on research and some that
are based just on clinical opinion.
ID. Rationale
Since general objectives are of limited application, the present study seeks to
compare the results of treatment with specific pre-established objectives for each
patient. Without universal guidelines defining treatment objectives for any given
patient, comparing treatment results with individually selected objectives provides a
basis for quantifying the precision of treatment. The present study will evaluate
treatment results with individually identified specific treatment goals.
The present study hypothesizes that an individualized treatment plan execution
based upon sound mechanics can predictably influence the post treatment position of
the upper and lower incisors and facial profile.
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IV. OBJECTIVES
The present study will examine two primary concerns of orthodontic treatment
planning:
1) Can the incisors be predictably moved to a predetermined anterior-posterior
position using appropriate treatment mechanics and appliance designs?
2) Can the relationship between incisor movement and lip profile change be
accurately predicted?
17
v. SPECIFIC AIMS
The specific aims of the present study are:
1. To detemline if the post-treatment anterior-posterior position of the incisors
matches the planned anterior-posterior incisor position.
2. To determine if soft tissue/lip profile changes are independent of extraction/non-
extraction treatment.
3. To determine if a predictable relationship exists between the amount of lip profile
change and incisor movement as well as other confounded demographic and
cephalometric variables.
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VI. MATERIALS and METHODS
This retrospective study utilized records of treated orthodontic patients from
the University ofConnecticut, Department of Orthodontics. A power analysis was used
to estimate the needed sample size. An alpha of .05 and a beta of .80 with a medium
effect size (d=.5) was selected. Accuracy of treatment relative to the treatment plan
part of the study required approximately 128 patients. For the second part of the study,
evaluating soft tissue changes, a sample size ofabout 150 patients was deemed
necessary. This was determined by using Cohen's Statistical Power Analysis for the
Behavioral Sciences.57 The following carefully selected criteria were used for
including or excluding patients records into the study (see Table 1 and 2).
Table 1: Inclusion Criteria:
1. Comprehensive orthodontic treatment at the University ofConnecticut
with edgewise appliances.
2. Treatment completed in 36 months or less
3. Patient had a predetermined treatment objective quantifying the final
position of the upper and lower incisors.
4. Patient had a pre- and post-treatment lateral cephalograms of diagnostic
quality.
5. No more than 6 months elapsed between the removal of appliances and
the post-treatment lateral cephalogram.
7. All patients had Class I or Class II molar relationship pre-treatment.
8. All lateral cephalograms were taken in the standing position with relaxed
lips and the teeth in occlusion.
9. The patients were between the ages ofeight to the age of sixteen years at
the start of treatment.
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Table 2: Exclusion Criteria:
1. Any functional appliance treatment or orthognathic surgery.
2. Incomplete records, i.e. missing pre- or post-treatment lateral
cephalometric radiographs and the absence ofquantifiable treatment
objectives.
3. Treatment discontinued due to lack of compliance, patient transfer, or any
other reason before the treating orthodontist's perceived completion of
treatment.
4. Major change in treatment plan
Quantifiable Treatment Objectives:
At the University of Connecticut, a modified VTO is used for treatment
planning. Standard treatment planning protocol in the department clinic includes
establishing specific treatment goals for each individual patient. A patients' lateral
cephalogram is traced and digitized, and their models are photographed for an
occlusalgram.58,59 With this information and the information gained on the clinical
exam, a specific patient based problem list is established. Individualized and specific
treatment objectives are determined for each patient. The treatment plan includes the
following objectives: 1) skeletofacial, 2) soft tissue / lip profile, 3) occlusal plane, 4)
midline, 5) arch width, 6) anterior-posterior incisor position, 7) vertical incisor
position, 8) anterior-posterior molar position, and 9) vertical molar position. Using the
lateral cephalometric tracing, problem list, and the occlusalgram, specific treatment
planning objectives for each patient are established. Treatment objectives for
skeletofacial and soft tissue profile are identified. Many different soft tissue / lip
profiles are drawn to establish the best-balanced soft tissue profile for that individual.
Once the profile is chosen, ratios are used to determine the anterior-posterior position
of the upper and lower incisors. The ratio of three millimeters to one millimeter is used
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for upper incisor movement to lip movement and the ratio of one to one is used for
lower incisor to lip movement.60 The final cephalometric treatment plan tracing
includes the desirable soft tissue, incisor, and molar positions at the end of treatment.
The treatment objectives are determined on a lateral cephalometric tracing as
represented by figure 1. Notice the excessive overjet and antero-posterior position of
the incisors. The correction of the excessive overjet may be achieved by any of several
tooth movement. The alternative tooth movements represent alternative treatment
objectives. Possible alternatives are shown in figure 2. Figure 2 shows three different
ways to correct the overjet identified in figure 1. In (A), the overjet is resolved by the
retraction of the maxillary incisors while maintaining the lower incisor position.
Alternatively, (B) addresses the overjet correction through lower incisor flaring while
leaving the upper incisors stationary. Finally, (C) shows a combination ofmaxillary
incisor retraction and mandibular incisor flaring. Each of these examples identifies
different types and magnitudes of tooth movement. Many other options could also
have been identified. What is important is that the determination of a specific
treatment objective indicates a need for specific treatment mechanics.
Figure 1: A Typical Pre-Treatment Lateral Cephalometric Tracing for Treatment
Planning
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Figure 2: Three Different Ways to Correct the Overjet Problem From Figure 1.
A depicts the overjet being corrected by upper incisor retraction. B
demonstrates the correction of the overjet by lower incisor flaring, and C's
overjet is corrected by a combination of upper incisor retraction and lower
incisor flaring.
Establishing treatment objectives allows quantification of the goals for tooth
movement for each individual patient. These specific objectives provide a precise
blueprint, which represents the final goals of that patients' orthodontic treatment. A
treatment mechanics plan is then developed directed to meeting these goals. The
mechanics plan determines the anchorage requirements, sequence of treatment, as well
as the extraction pattern, if necessary.
Cephalometric Tracings:
Initial and final cephalometric radiographs of all the patients were traced and
landmarks were located and digitized. Any bilateral structure that appeared as two
images was identified by bisection. Table 3 shows the landmarks used in this study.
-- - - - - - - - -S-imilarly~-able-4- ghows-linear-measurements-and TaiJle-5-snows-anglilar measuremenl - - - - - - -
used in this study.
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Table 3: Cephalometric Landmarks
D Ii ..ktri L dC hiepJ a orne c an mar e mltion
Sella Center of sella turcica
Porion Most superior point of machine porion
Basion Most inferior point of the occipital bone
Hinge Axis Center ofrotation of the condyle
Pterygoid Eleven o'clock position of the pterygoid fissure
Nasion Intersection of frontal and nasal bone
Orbitale Most inferior point ofthe orbital contour
ANS Tip of the anterior nasal spine
PNS Tip of the posterior nasal spine
A-point Deepest point between ANS and the upper incisal alveolus
B-point Deepest point between pogonion and the lower incisal alveolus
PM Point where curvature changes between B-point and pogonion
Pogonion Most anterior point of the symphysis
Menton Most inferior point on the symphyseal outline
Corpus left Left point of a tangent of the inferior border of the corpus
Ramus down Lower point of a tangent of the posterior border of the ramus
Articulare Intersection of inferior cranial base surface and posterior surface of
condyle
R3 Most inferior point of the sigmoid notch of the ramus
Rl Deepest point on the curve of the anterior border of the ramus
mx 1 crown Tip of the crown of the upper incisor
mx 1 root Tip of the root of the tIpper incisor
md 1 crown Tip of the crown of the lower incisor
md 1 root Tip of the root of the lower incisor
Occlusal Plane Midpoint between upper and lower first bicuspid or upper and lower
incisor
mx 6 distal Distal contact point ofmaxillary fITst molar 2mm above occlusal plane
mx6 root Distal buccal root ofmaxillary fITst molar
md 6 distal Distal contact point ofmandibular first molar 2 mm below occlusal
plane
md6 root Distal root ofmandibular first molar
Line Upper soft tissue profile
Line Lower soft tissue profile
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Table 4: Linear Measurements
Linear Measurements Definition
N-B (PH) Horizontal position of the apical base of the mandible in relation to nasion
N-Pg (FH) Prominence of the chin
A-B (OP) Denture base discrepancy
N-A(FH) Horizontal position of the apical base of the maxilla in relation to N
B-Pg(MP) Relationship between alveolar process and chin
N-ANS (pFH) Middle third facial height
ANS-Me (pFH) Lower third facial height
mxl-A(FH) Protrusion ofupper incisor
Is-ANS (pFH) Vertical position ofupper incisor
md I-Gn (PFH) Protrusion of lower incisor
mdl-A-Pg Protrusion of lower incisor
L.S. (Sn-Pg') Protrusion ofupper lip
L.I. (Sn-Pg') Protrusion lower lip
Pn-Sn (FH) Length of the nose
S-GO Posterior facial height
N-Me Anterior facial height
S-GOIN-Me Posterior facial height/anterior facial height (ratio)
Esthetic Plane D.L. Upper lip in relation to Eline
Esthetic Plane L.L. Lower lip in relation to Eline
Si (li-Pg') Mandibular Sulcus
Sn (Cm- Ls) Maxillary Sulcus
Sn-Stm (pFH) Length ofupper lip
Si-Strn (pFH) Length of lower lip
Me' -Si (pMP) Length ofchin button
A-Sn (FH) Soft tissue thickness ofupper lip
B-Si (FH) Soft tissue thickness of lower lip
Is-Stms (FH) Upper incisor display
mdl-Stmi (PH) Lower incisor display
Pg-Pg' (FH) Soft tissue chin button
incisor overjet 1 to 1 parallel to OP
incisor overbite 1 to I perpendicular to OP
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Table 5: Angular Measurements
tA I MogB ar easuremen s e 101 Ion
N-A-Pg Skeletal facial convexity
Ar-Go-Me Gonial angle
G-Sn-Pg' Facial contour angle
NF-FH Inclination ofpalatal plane
MP-FH Mandibular plane angle
OP-FH Upper incisor inclination
Mxl-FH Upper incisor inclination
mdl-mx! Interincisial angle
rndl-FH Lower incisor inclination
mdl-MP Lower incisor to mandibular plane
FMA Frankfurt Mandibular Angle
Sn-N'-Pn Angle of the nose
FH-Sn-Ls D.L. inclination
FH-Li-Si L.L. inclination
Cm-Sn-Ls Nasolabial angle
Measurement Techniques
Cephalometric superimpositions have commonly been used in orthodontics to
evaluate the results of treatment due to both growth and or orthodontic treatment.
Superimpositions can be used to show changes in the overall face, the maxilla, the
mandible, the dentition, amount and direction ofcondylar growth, and mandibular
rotation.61 Only maxillary and mandibular superimpositions were used in this study to
evaluate the changes in pre-treatment and post-treatment cephalograms and VTO
tracings.
The outcome of treatment was determined by the superimposition of the final
orthodontic cephalogram to the treatment objective cephalogram with the
predetermined position of the incisors. The maxillary cephalograms were regionally
superimposed using the best fit of the regional structures as discussed by Johnston62
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(see table 6). The mandibular cephalograms were superimposed using the technique by
Bjork and Skieller63,64(see table 7).
Table 6: Landmarks - Maxillary Superimposition
1. Best fit on both the zygomatic process of the maxilla (average ofboth right and left'
sides)
2. Bony anatomical detail superior to the incisors
3. The superior and inferior surfaces of the posterior hard palate (minimize error in
the A-P registration)
Table 7: Landmarks - Mandibular Superimposition
1. Anterior contour of the chin
2. Inner contour of the cortical plates at the inferior border of the symphysis and any
distinct trabecular structure in the lower part of the symphysis
3. The posterior contour of the mandibular canal
4. The lower contour of the mineralized molar tooth germ - before root formation
The difference between the planned and the final position for the upper and
lower incisors was measured. This difference quantifies the accuracy of the incisor
movement compared to the original treatment plan. To accomplish this, a reference
system was developed to compare the treatment objective's horizontal position of the
incisors with the final incisor position. (Figure 3 schematizes the reference system for
determining the accuracy of the maxillary incisor change). A line was drawn parallel to
the treatment plan occlusal plane passing tangent to the incisal edge and it served as
the x-axis for the measurements. The incisal edge of the treatment objective incisor
was identified as the origin (zero). The accuracy of the final incisor position relative to
the treatment objective incisor position was determined by comparing the incisor
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positions on the respective superimpositions (Figure 4). Final incisor positions to the
left of the origin were given negative values (i.e. more retraction than planned) and
positions to the right were given positive values (less retraction than planned). This
system was used to measure the accuracy of both the upper and lower incisor.
x-axis
(Occlusal Plane)
~
CJ
Ell
Original incisor position
Treatment Objective incisor position
Actual Final Position
Figure 3: Reference System for Comparing Actual Incisor Movement to the
Treatment Objective. Note: The superimposition is based on maxillary and mandibular
structures as described in the text and is not depicted in this diagram.
Treatment Objective
For incisor change (retraction) = a~ b
c b a
Actual incisor change
Accuracy
=a~c
=b~c
Figure 4: Measuring the Accuracy of Incisor Movement. The identification key for the
incisors is from Figure 3.
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Statistical Analysis:
Error
The method error of the method was determined by re-analyzing fifteen
randomly chosen subjects. The cephalograms and tracings of these subjects were re-
digitized and re-superimposed. Method error was calculated according to the following
formula:
Equation 1: Standard Error
Standard Error =(Ld2/2n)1/2
Where d is the difference between the pairs,
and n is the number of pairs.
These results can be found in table A in the appendix. The error ranges from
.07 to 3.68 mm for the linear measurements and from .84 to 6.75 degrees for the
angular measurements.
Accuracy and Precision ofthe Predetermined Treatment Objectives for the Incisors
Histograms and descriptive statistics were used for the preliminary analysis of
the accuracy of the incisor movement. A histogram depicts the distribution of the data
values. Expressing the results as a distribution provides a means ofcomparison to a
normal distribution. Descriptive statistics aid in quantifying the "normalcy" of the
distribution. Table 8 identifies the descriptive statistics that were used.
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Table 8: Descriptive Statistics
Statistic Definition
Mean central tendency or average of a distribution. It is calculated
by summing all of the observations in a set of data and then
dividing by the number of observations
Median measure of central tendency that is not as sensitive to the
value of each measurement. It is the value that is greater
than half the data values and less than the other half
Mode measure ofcentral tendency that measures the value that
occurs most frequently
Standard Error of the Mean how much the sample means from the same population vary
Standard Deviation measure of how widely values are dispersed from the mean
Variance measure that quantifies the amount ofvariability or spread
about the mean ofa sample (square of the standard
deviation)
Skewness characterizes the degree ofasymmetry of a distribution
around its mean. Positive skewness indicates a distribution
with an asymmetric tail extending toward more positive
values. Negative skewness indicates a distribution with an
asymmetric tail extending toward more negative values
Kurtosis represents peakedness or flatness ofa distribution and
suggests the level ofvariation within the sample (the
standardized kurtosis for a standard normal distribution is
3.0). Positive kurtosis indicates a relatively peaked
distribution. Negative kurtosis indicates a relatively flat
distribution
Range measure ofvariability. It is the difference between the
largest and smallest data values
Of particular interest is the variance, kurtosis, and skewness of the distribution.
A highly peaked and narrow distribution indicates greater treatment accuracy than a
broad and flattened distribution. An asymmetric distribution may indicate "direction~'
in the inaccuracy of the treatment, for instance, a tendency toward less movement than
planned. Distributions were checked and the data was sufficiently normal, such that
logarithmic transformations were not needed (see Appendix table B).
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Effect ofOrthodontic Treatment on Lip Profile Change.
The effect of orthodontic treatment on the lip/profile change was studied using
a multiple variable regression technique. The treatment variables that have an effect on
lip and or profile change were identified. The goals for each individual patient were
one of three types of incisor/lip changes. First the incisors/lips could be flared; second
they could be retracted; and third they could be held in their current position. This
resulted in two different qualitative directions. Hence, the data for desired change had
to be standardized so that the distance could be measured in the same direction. The
scaling of the raw data for extraction was chosen as the standard metric, the goal for
incisor/lip movement was defined as zero for extraction cases. The initial position of
the lip and the incisor was assigned a positive value; hence, a desired change for a
retraction case would be in the negative direction. If too much retraction were
achieved, the data would begin as a positive value and end as a negative value. If one
hit the target exactly, the initial position would be positive and the final position would
be zero. Third if less than predicted retraction occurred, one would start with a positive
value and end up with a smaller positive value at the end of treatment. Finally, despite
efforts to retract, and the tooth/lip went in a flaring direction, one would start with a
positive value and end up with a larger positive value. In conclusion, successful
retraction would result in a lowering of the initial positive value.
For the patients where flaring was a treatment objective, the goal point was also
assigned zero, but unlike retraction, the initial points were given a negative value.
Hence desired change for flaring was going in the positive direction. All possible
analogies to the extraction cases would be possible in the opposite direction. In order
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to make change, initial to the final tooth/lip position in the same direction for both
retraction and flaring, it was decided that the flaring data would be reflected around
zero. All negative base line values would become positive and the sign of all the final
values would be reversed.
When neither retraction nor flaring was the desired goal, tooth/lip movement of
zero, these subjects were arbitrarily placed on the retraction scale.
Measurements were taken on the common scale at baseline (initial position),
for both tooth and lip position, and follow up (final position). In order to calculate the
appropriate assessment of change, residual scores were calculated using the least
squares regression instead of taking simple raw difference scores. The unstanderdized
residuals derived from the regression have been shown to be uncorrelated with both
the baseline and follow up measures. Simple raw difference scores have been shown to
correlate with both the baseline and the follow up measures leading to the problem of
regression toward the mean. The residual score was then used as the dependent
measure and can be thought of as the change from initial to final lip position.
Other predictors of interest (Appendix tables C and H) were then assessed to
evaluate how they were associated with this measure of change (correlations). Initially
a series ofPearsons Correlations were calculated between the variable and the residual
in order to restrict the potential predictors. A hierachial regression equation was
structured such that each of the independent variables chosen from the correlation
were entered in a logical order of precedence. The variables that could not be changed
by the treating orthodontist were entered toward the beginning of the equation, i.e.
gender, and those that could be sonlewhat controlled by the treating orthodontist, i.e.
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retraction and extraction, were entered toward the end of the equation. Standard
decision rules for retaining an independent variable were utilized, i.e. p<.05, and the
sign and the variance accounted for each independent variable was analyzed at each
step. Hierachial regression allows the variables that are entered first to retain their
variance accounted for in the dependant measure, where as variables entered later are
only allowed to account for variance unexplained up to that point. Hence, independent
variables entered last are being assessed very conservatively with all the previous
factors held constant.
VB. RESULTS
Summary Results
Demographic and diagnostic information was gathered for these patients
consisting of the ethnicity, birth date, gender, race, date of start of treatment, date of
deband, treatment duration, extraction pattern, and classification of malocclusion
(Tables 9 and 10). Sixty of the patients in this study presented with a Class I occlusion
and 93 presented with a Class II occlusion. The distribution ofmales and females was
similar (75 males and 78 females). 69 patients were treated with non-extraction
treatment, 29 had two upper bicuspids extraction treatment and 55 had four bicuspids
extraction treatment. The average age of the patient was 12.84 years at the start of
treatment and 15.50 years at the conclusion. The average treatment duration was 2.66
years. The distributions ofthe measured variables were checked and sufficiently
normal, such that logarithmic transfonnations were not needed to cure any skewness
on any of the continuous variables.
Table 9: Demographic Characteristics of the Study Sample
Hispanic African Caucasian Asian Class Class Males Females No 2 Bi 4Bi
American I II Exo Exo Exo
1 11 139 1 60 93 75 78 69 29 55
Table 10: Subject Age and Treatment Duration
Start of treatment Finish Treatment
treatment Duration
average age 12.84 15.5 2.66
standard deviation 1.65 1.72 .96
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1. The Accuracy of the Upper and Lower Incisor Movement
Analysis ofLower Incisor Movement
The planned lower incisor movement, the actual lower incisor movement, and
the difference between the planned and the actual lower incisor movement were
measured. Figure 5 displays the distribution of the planned lower incisor movement for
all 153 subjects. The distribution of the planned movement centered around 0.00
millimeters with a mean of-0.53 mm and a standard deviation of 1.87 mm. The range
of the planned movements was -9.10 mm (retraction) to 3.50 mm (flaring). The
distribution was mildly skewed toward retraction. The lower incisor was retracted on
average by 0.53 tnm.
50 ....._-----------------------,
Std. Dev = 1.87
Mean = -.53
N = 153.00
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Planned u>wer Incisor Movement (nun)
Figure 5: Distribution of the Planned Lower Incisor Movement. The frequency records
the number of subjects with the planned movement identified along the x-axis.
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The distribution of the actual lower incisor movement is shown in Figure 6.
The mean movement was -0.62 mm with a standard deviation of 1.97 mm. The range
of actual movements was from -7.50 mm (retraction) to 4.10 mm (flaring). The
distribution curve was less peaked and less skewed than the planned movement.
Std. Dev = 1.97
Mean = -.62
N= 153.00
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Figure 6: The Frequency Distribution ofthe Actual Lower Incisor Movement
The correlation coefficient between the actual lower incisor movement to the
treatment objective was .75. The mean inaccuracy of the actual movement compared
to the planned movement was 0.45 mm with a standard deviation of 1.29 mm. Over
70% ofthe tooth movements were within 1 mm ofthe treatment objective. Only 4% of
the tooth movements had a difference between the actual movement and the objective
greater than 2.5 mm. The scattergram plotting the actual lower incisor movement
versus the planned movement is shown in Figure 7, while the distribution of the
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difference between the actual and planned movements is shown in Figure 8. Table 11
summarizes the descriptive statistics ofthe measurements of the lower incisor
movement.
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Figure 7: Scattergram ofActual Lower Incisor Movement vs. Planned Lower Incisor
Movement
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Figure 8: Frequency Distribution of the Difference Between the Actual Lower
Incisor Movement and the Treatment Objective (Planned Movement). Negative
values indicate more retraction than planned and positive values indicate more
flaring than planned
Table 11: Mean Descriptive Statistics for Planned vs. Actual Lower Incisor Change
Mean 0.05
Standard Error 0.10
Median 0.00
Mode 0.00
Standard Deviation 1.29
Sample Variance 1.65
Kurtosis 3.21
Skewness 0.18
Range 9.56
Minimum -4.56
Maximum 5.00
Count 153.00
To investigate the lower incisor data more closely, t-tests, analysis ofvariance,
and correlation coefficients were calculated to examine differences between gender,
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initial classification of malocclusion, extraction pattern, treatment duration, age at the
start of treatment, and the age at the end of treatment were calculated.
No statistically significant differences in the accuracy of lower incisor
movement were found between both male and female subjects and between Class I
and Class II subjects (t= 0.01 for gender, t= -1.23 for classification of occlusion).
Table 12: t-Statistics for Gender and Malocclusion
Variable Mean SD Number t-value P Value
Male 0.05 1.30 75
Female 0.04 1.28 78 .01 .989
Class I -0.11 1.43 60
Class II 0.15 1.18 93 -1.23 .222
An analysis of variance (ANOVA) based on extraction pattern revealed a
significant difference in at least two of the three groups. A Least Squares Difference
Test was done on the data and it revealed a difference in the group with two upper first
premolar extractions and the four-premolar extraction group. The mean lower incisor
movement for the two-premolar extraction group was .51 mm less than planned, while
the mean of the four-premolar group was .27 mm more than planned. There was a
tendency towards less retraction (0.51 mm) in the two premolar extraction group then
planned and more retraction (0.27 mm) in the four first premolar extraction group.
Table 13: Anova Table for Extraction Pattern
Variable Mean SD P Value
No extractions 0.1 1.01
2 bicuspids 0.51 1.13
4 bicuspids -0.27 1.58 0.027
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There was no correlation between treatment duration, age at the start of
treatment, and age at the end of treatment in relation to lower incisor position
accuracy.
Table 14: Correlation Between Age and Treatment Duration in Relation to Lower
Incisor Accuracy
Variable Mean SD Correlation
Coefficient
Age Start 12.84 1.65 -.03
Age Finish 15.5 1.72 -.02
Treatment 2.66 0.96 -.002
Duration
Analysis ofUpper Incisor Movement
The planned upper incisor movement, the actual upper incisor movement, and
the difference between the planned and the actual upper incisor movement were
measured. Figure 9 displays the distribution ofthe planned upper incisor movement for
all 153 subjects. The distribution ofthe planned movement centered around -3.00 mm
with a mean of-2.68 mm and a standard deviation of2.92 mm. The range of the
planned movements was -12.50 mm (retraction) to 2.00 mm (flaring). The distribution
was mildly skewed toward flaring. The upper incisor was retracted on average by
2.68mm.
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Figure 9: Distribution of the Planned Upper Incisor Movement. The frequency records
the number of subjects with the planned movement identified along the x-axis.
The distibution ofthe actual upper incisor movement is shown in figure 10.
The mean movement was -2.63 mm with a standard deviation of3.34 mm. The range
ofactual movement was from -11.49 mm (retraction) to 7.38 mm (flaring). The
distribution curve was less peaked and less skewed than the planned movement.
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Figure 10: The Frequency Distribution ofthe Actual Upper Incisor Movement
The correlation coefficient between the actual upper incisor movement to the
treatment objective was .88. The mean inaccuracy of the actual movement compared
to the planned movement was -.08 mm with a standard deviation of 1.59 mm. Over
55% ofthe tooth movments were within 1 mm ofthe treatment objective. Only 8% of
the tooth movements had a difference between the actual movement and the objective
greater than 2.5 mm. The scattergram plotting the acual upper incisor movement
versus the planned movement is shown in figure 11, while the distribution ofthe
difference between the actual and planned movements is shown in figure 12. Table 15
summarizes the descriptive statistics of the measurements of the upper incisor
movement.
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Figure 11: Scattergram ofActual Upper Incisor Movement vs. Planned Upper Incisor
Movement
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Figure 12: Frequency Distribution ofthe Difference Between the Actual Upper Incisor
Movement and the Treatment Objective (Planned Movement). Negative values
indicate more retraction than planned and positive values indicate more flaring than
planned.
Table 15: Mean Descriptive Statistics for Planned vs. Actual Upper Incisor Change
Mean 0.08
Standard Error 0.13
Median 0.00
Mode 0.00
Standard Deviation 1.59
Sample Variance 2.53
Kurtosis 3.11
Skewness 0.93
Range 10.90
Minimum -4.54
Maximum 6.36
Count 153.00
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To investigate the accuracy of the upper incisor data more closely, t-tests,
analysis ofvariance, and correlation coefficients were calculated to examine
differences between gender, initial classification ofmalocclusion, extraction pattern,
treatment duration, age at the start of treatment, and the age at the end oftreatment.
A t-test revealed a statistically significant difference in the mean accuracy of
upper incisor movement between male and female patients (Table 16). The mean
inaccuracy for males was -.21 mm and for females .36 mm. No statistically significant
difference was found for malocclusion.
Table 16: t-Statistics for Gender and Malocclusion
Variable Mean SD Number t-value P Value
Male -0.21 1.24 75
Female 0.36 1.83 78 -2.29 .02
Class I 0.08 1.34 60
Class IT 0.09 1.74 93 -.04 .97
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Figure 13: Histogram ofDifference Between Planned vs. Actual Upper Incisor
Change for Males
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For females, the mean is .36 mm with a standard deviation of 1.83. This data is
positively skewed (toward flaring).
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Figure 14: Histogram ofDifference Between Planned vs. Actual Upper Incisor
Change For Females
An analysis ofvariance (ANOVA), Table 17, based on extraction pattern
revealed a significant difference in at least two ofthe groups. A Least Squares
Difference Test was performed. It revealed a statistically significant difference
between the non-extraction group and the four premolar extraction group. The non-
extraction group had a mean retraction .42 mm less than planned, and the four-
premolar group had a mean upper incisor change .41 mm more than planned.
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Tablel7: Anova Table for Extraction Pattern
Variable Mean SD P
Value
No extractions 0.42 1.45
2 upper hi 0.21 1.67
extractions
4 bi extraction5 -0.41 1.62 0.012
No correlation between treatment duration, age at start of treatment, and age at
the end of treatment in relation to the upper incisor was found.
Table 18: Correlation Between Age and Treatment Duration in Relation to
Upper Incisor Accuracy
Variable Mean SD Correlation
Coefficients
Age start 12.84 1.65 .010
Age finish 15.50 1.72 -.017
Treatment 2.66 0.96 -.050
duration
2. The Effect ofExtraction and Non-Extraction Treatment on Soft Tissue/Lip Profile
Change
Upper Lip Profile Change
The mean upper lip change for the entire sample was -1.38 mm, indicating that
the upper lip became less protrusive over the course oftreatment. However, figure 15
shows the large distribution of the change observed. The majority of patients had an
upper lip profile change of less than 2mm (increase or decrease). The descriptive
statistics are listed in the following table:
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Table 19: Descriptive Statistics for Upper Lip Profile Change
Upper Lip Change
Mean -1.38
Standard Error 0.16
Median -1.40
Mode 0.20
Standard Deviation 2.03
Sample Variance 4.10
Kurtosis 0.24
Skewness 0.04
Range 12.20
Minimum -7.10
Maximum 5.10
Sum -211.10
Count 153.00
Confidence 0.32
Level(95.0%)
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Figure 15: Histogram Upper Lip Profile Change
48
Table 20 and figure 16 compare the distribution of the upper lip change
segregated by extraction vs. non-extraction treatment. The distribution indicates a
slight difference between the two groups, the mean of the non-extraction group was
-.82 mm and the extraction group was -1.84 mm. A t-test showed there was no
statistically significant difference between these means.
Table 20: Descriptive Statistics for Non-Extraction and Extraction Effects on the
Upper Lip
UPPER LIP Non-Extraction Extraction
Mean -0.82 -1.84
Standard Error 0.2 0.24
Median -1 -2.4
Mode -1 -3.2
Standard Deviation 1.7 2.16
Sample Variance 2.89 4.67
Kurtosis 1.75 0.39
Skewness -0.56 0.52
Range 9.6 12.2
Minimum -6.1 -7.1
Maximum 3.5 5.1
Sum -56.6 -154.5
Count 69 84
Confidence 0.41 0.47
Level(95.0%)
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Figure 16: Non-Extraction vs. Extraction Effects on the Upper Lip
The data was then.,analyzed for the effects ofnon-extraction treatment, two
bicuspid extraction and four bicuspid treatment and their effects on the upper lip
change. The non-extraction group had a mean retraction ofthe upper lip of -.82 mm,
the two premolar extraction group had a mean retraction of-1.61 mm, and the four
premolar extraction group had a mean retraction of-1.96 mm (Table 21). Although
there is a difference in the mean amount ofupper lip retraction between these groups,
this difference is not statistically significant (Figure 17).
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Table 21: Descriptive Statistics for Non-Extraction, 2 Premolar Extraction, and 4
Premolar Extraction Effects on the Upper Lip
Non- 2-Premolar Extraction 4-Premolar Extraction
Extraction
Mean -0.82 -1.61 -1.96
Standard Error 0.20 0.39 0.30
Median -1.00 -1.60 -2.50
Mode -1.00 1.10 -3.40
Standard 1.70 2.10 2.20
Deviation
Sample 2.89 4.40 4.85
Variance
Kurtosis 1.75 -0.84 1.19
Skewness -0.56 -0.06 0.82
Range 9.60 7.90 12.20
Minimum -6.10 -5.60 -7.10
Maximum 3.50 2.30 5.10
Sum -56.60 -46.60 -107.90
Count 69.00 29.00 55.00
Confidence 0.41 0.80 0.60
Level(95.0%)
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Lower Lip Profile Change
The mean lower lip change for the entire sample was -1.13 mm, as measured
by a change in the lower lip to Sn-Pg, indicating that the lower lip became more
retrusive over the course of treatment. The majority ofpatients had a lower lip profile
change of less than 2mm (increase or decrease). The descriptive statistics are listed in
the following table.
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Table 22: Descriptive Statistics for Lower Lip Profile Change
Lower Lip Profile Change
Mean -1.13
Standard Error 0.17
Median -1.10
Mode -1.10
Standard Deviation 2.06
Sample Variance 4.24
Kurtosis 0.24
Skewness -0.12
Range 11.20
Minimum -6.60
Maximum 4.60
Sum -172.90
Count 153.00
Confidence 0.33
Level(95.0%)
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Figure 18: Histogram Lower Lip Profile Change
The distribution of the lower lip change(Lower Lip to Sn-Pg) in the non-extraction
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and extraction groups is shown in figure 19. There is no statistically significant
difference between the mean lower lip change in the two groups. The non-extraction
group had a mean retraction of the lower lip of -.97 mm. The extraction group showed
a mean retraction of-1.26 mm.
Table 23: Descriptive Statistics for Extraction and Non-Extraction Effects on the
Lower Lip
Lower Lip Non-Extraction Extraction
Mean -0.97 -1.26
Standard Error 0.22 0.24
Median -1.10 -1.20
Mode -1.10 0.20
Standard Deviation 1.85 2.22
Sample Variance 3.42 4.92
Kurtosis 0.32 0.12
Skewness -0.03 -0.11
Range 9.20 11.20
Minimum -5.30 -6.60
Maximum 3.90 4.60
Sum -66.90 ...106.00
Count 69.00 84.00
Confidence 0.44 0.48
Level(95.0%)
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Figure 19: Non-Extraction vs. Extraction Effects on the Lower Lip
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This data was then evaluated for the effects on upper lip change by non-
extraction, two bicuspid extraction and four bicuspid extraction treatment (Table 24).
The non-extraction group had a mean retraction of the lower lip, of -.97 mm, the two
premolar extraction group had a mean retraction of-1.74 mm, and the four premolar
extraction group had a mean retraction of -1.01 mm. The difference in the mean
amount of upper lip retraction between these groups was not statistically significant.
Table 24: Descriptive Statistics for Non-extraction, 2 Premolar
Extraction and 4 Premolar Extraction Effects on the Lower lip
Non-Extraction 2-Premolar Extraction 4-Premolar Extraction
Mean -0.97 -1.74 -1.01
Standard Error 0.22 0.41 0.30
Median -1.10 -1.20 -1.20
Mode -1.10 -2.10 -1.60
Standard Deviation 1.85 2.20 2.20
Sample Variance 3.42 4.86 4.85
Kurtosis 0.32 -0.48 0.07
Skewness -0.03 -0.75 0.20
Range 9.20 7.70 10.70
Minimum -5.30 -6.60 -6.10
Maximum 3.90 1.10 4.60
Sum -66.90 -50.50 -55.50
Count 69.00 29.00 55.00
Confidence 0.44 0.84 0.60
Level(95.0%)
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3a. Relationship Between Lower Incisor Movement and Other Confounding Variables
and Lower Lip Profile Change
Multivariable regression was used to identify determinants of lower lip profile
change. The unstandardized residual of the lower lip profile change was calculated and
used as the dependent variable for the multivariable regression analyses. The
unstandardized residual is a function ofthe correlation between the pre- and post-
treatment values multiplied by the lip profile change. Because the amount ofchange
tends to be at least partly determined by the original values and the mean values
(regression toward the mean), raw change differences may considered to be
inappropriate. Further, since the unstandardized residual is the product of the
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correlation coefficient times the difference; it represents a more conservative measure
of the change. Variables were correlated to the lower lip profile change (Appendix H).
The variables that were statistically significant are listed in Table 25.
Table 25: Statistically Significant Variables that Correlate with Lower Lip Change
These variables were then entered into a hierarchical multiple regression model. A
stepwise method was used to drop statistically insignificant determinants (Appendix I,
J, and K). The final model included these independent variables: gender, lower tooth
initial, and Sn-Stm (PFH). The final equation would read as follows (see Appendix K
andL):
Y = -2.90 + (-.49)Xoender + (.35)XLower tooth initial (Base) + (.14)SN-STM(PFH)
Table 26: Data Final Regression Equation For the Lower Lip
Independent Regression Std Error t-Statistic p-Value
Variable Coefficient
Gender -0.49 0.30 -1.66 0.10
Lower Tooth Initial 0.35 0.11 3.10 0.00
Sn-Stm(PFH) 0.14 0.05 2.89 0.01
Intercept -2.90 1.16 -2.51 0.01
57
3b. Relationship Between Upper Incisor Movement and Other Confounding Variables
and Upper Lip Profile Change
The unstandardized residual for upper lip change was calculated using a similar
approach as described above for lower lip change (Appendix C). Variables that were
statistically significant are listed in the following table:
Table 27: Statistically Significant Variables that Correlate With Upper Lip Change
For both the upper and lower lip a .05 significance level was used. These
variables were then entered into a hierarchial multiple regression model. The variables
that did not meet the criteria of statistical significance were removed until a final
equation was obtained (Appendix D, E, and F). The final model included these
independent variables: gender, B-Pg (MP), Pn-Sn (FH), and Upper tooth final
(Appendix F and G).
y= 3.820 + (-.588) Xoender + .108 XB-Pg(MP) + (-.186) XPn-Sn(FH) + .121 XNIPRET
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Table 28: Data Final Regression Equation For the Upper Lip
Independent Regression Std Error t-Statistic p-Value
Variable Coefficient
Gender -0.59 0.28 -2.08 -0.04
B-Pg(MP) 0.11 0.08 1.43 0.16
Pn-Sn(FH) -0.19 0.05 -3.62 0.00
Upper Tooth 0.12 0.05 2.39 0.02
Final
Constant 3.82 0.77 4.93 0.00
VIII. DISCUSSION
The present study is the first to make an attempt at correlating treatment
objectives with treatment outcomes utilizing pre-treatment visual treatment objectives.
Numerous studies in the past have reported on cephalometric changes from pre-
treatment to post-treatment during orthodontic treatment. Most of these studies have
compared results to established mean standard linear and angular measurements from
the existing literature based on values from pre-and post-treatment cephalograms. The
uniqueness of the present study lies in the fact that it analyzed individual treatment
plan objectives established for each and every patient. Computer generated linear and
angular measurements were obtained from pre-treatment cephalograms and treatment
objective tracings and were compared with each other as well as with post treatment
measurements. This allowed individual evaluation of treatment outcomes relative to
pre-established treatment objectives rather than to some mean values from the
literature.
This study restricted its examination to cephalometric values at the beginning
of treatment. Other pre-treatment variables like vertical dimension and convexity were
not evaluated, although they may be measured, their changes during treatment were
considered too difficult to reliably predict. The complex skeletofacial changes
occurring in growing orthodontic patients may also have an effect on the lip profile.
The variability of these changes was considered to be greater than their value as
determinants of lip profile change. This study sought to identify reliable observable
variables that would directly aid in treatment planning. Another unique aspect of this
study is its sample population. All patients received complete treatment under the
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philosophy taught at University of Connecticut. The central theme of this philosophy is
the importance of deriving pretreatment objectives for each patient. These objectives,
for the teeth and the profile, were then traced and placed over the pretreatment tracing
resulting in a visual treatment objective tracing. Individualized mechanics plans were
prepared based on each patients' specific treatment needs. It is extremely important to
evaluate potential changes in lip profile from treatment, especially when deciding
between extraction and non-extraction treatment. Biomechanically designed
appliances65 evaluated in the present study allowed for selective retraction of the
anterior teeth, protraction of the posterior teeth, or a combination ofboth in premolar
extraction treatments.
There are many frequently used anecdotal notions of side effects of extraction
treatment in orthodontics including the so called "dishing in" of a profile or a
flattening of the lips.22,25 This probably began when Tweed reported on re-treatment of
his non-extraction patients by extraction of premolars to improve or reduce the
convexity of these patients' profiles. The direct relationship between extraction of
premolars and over-flattening of the lip profile has found very little support in the
recent literature.
1. Can the incisors be predictably moved to a predetermined anterior-posterior
position using appropriate treatment mechanics and appliance design?
Yes!
The results of this study show that incisors can be moved with accuracy if
reasonable or realistic treatment objectives are chosen with corresponding
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individualized mechanics. The upper incisors were retracted on average by - 2.6 mm
for the whole sample. The accuracy of this movement was, on average, within 0.08
mm of the predicted treatment objective The mean upper incisor retraction in the non-
extraction group was -0.88 mm, for the two premolar extraction group -4.11 mm, and
-4.05 mm for the four premolar extraction group. The mean accuracy of this
movement in the non-extraction, two premolar and four premolar extraction groups
were 0.42 mm, 0.21 mm and-O.41 mm respectively. All three groups were reasonably
accurate in achieving their upper incisor treatment objective. These findings provide
evidence that patient specific tooth movements (goals) can be obtained with the use of
biomechanically sound appliance designs.
A statistically significant but clinically minor difference in the mean accuracy
of upper incisor movement between the non-extraction and four-premolar extraction
group was observed. A comparative statistical analysis showed a tendency for less
retraction than planned in the non-extraction group and more retraction than planned
for the four pre-molar group. The distribution of the accuracy of the incisor movement
grouped by extraction pattern is shown in figure 21. There are several noticeable
characteristics of these distributions. First, the mode of each distribution is zero, and
the means all approximate zero. Second, the vast majority ofeach group lies within
two millimeters of its mean. Thirdly, there is a mild skewness, in the four premolar
extraction group, toward retraction that is most likely due to over retracting of the
incisors during space closure. Finally the non-extraction group contains most of the
positive outliers (those with less retraction than planned, i.e. those that flared) which is
most likely due to resolving crowding by arch expansion and flaring. These differences
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might be expected. With a sample this large, these findings produced statistically
significant differences. However, the differences, in general, may be too small to be of
major clinical relevance.
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Fig~re21: Accuracy ofUpper Incisor Movement
The lower incisors were retracted on average -0.53 mm for the whole sample.
The accuracy of this movement was within, on average, 0.05 mm ofthe planned visual
treatment objective. The retraction ofthe lower incisor, in the non-extraction group,
was almost zero (mean -.02 mm). In two bicuspid extraction group the lower incisors
were slightly flared (0.27 mm), whereas on average, the four premolar extraction
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patients had a mean retraction of-1.90 mm. The accuracy of lower incisor movement
in the non-extraction group was 0.1 mm, in the two premolar extraction group 0.51
mm and in the four premolar extraction group -0.27 mm (positive values indicate less
retraction then planned, negative values indicate more retraction).
Again, a clinically minor but statistical significant difference in the mean
accuracy of the lower incisor movement between the two premolar extraction group
and the four premolar extraction group was observed. A comparative statistical
analysis showed a tendency for less retraction than planned in the two-premolar
extraction group and more retraction than planned in the four premolar extraction
group. The distribution of accuracy of the incisor movement grouped by extraction
pattern is shown in figure 22. There are several notable characteristics of these
distributions. First, the mode for each distribution is zero, and the means all
approximate zero. Second, the vast majority of each group lies within two millimeters
of its' means. Third, there is a mild skewness towards retraction in the four premolar
extraction group. The positive outliers (those with less retraction than planned, i.e.
those that flared) are mostly from the two premolar extraction group. This might be
expected, because as noted earlier the upper anterior teeth tended to have less
retraction than planned (by .21mm). Most likely the lower anterior teeth were slightly
flared to correct the overjet that remained when the upper incisors could not be
retracted anymore. These differences in general seem to be too small to be of major
clinical relevance.
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males who were on extreme end of the distribution curve, and is of minor clinical
importance.
2. Does the decision to treat a case with or without extraction therapy have an effect
on the soft tissue/lip profile change in a growing patient?
No.
The importance of the lip profile and its contribution to the overall facial
profile has been emphasized by several studies. Burstone, Ricketts and Holdway
provided evaluation and prediction ratios for the upper and lower lips as well as for
their position in reference to the chin and nose. Their lip soft tissue prediction method
is commonly used by orthodontists to help choose a goal position for the upper and
lower incisors in the anterior-posterior direction. However, average values are used
and do not take into consideration an individual patients' initial presentation.
Numerous studies in the past have provided ratios relating incisor movement to
lip movement. The majority of these studies have shown that an average of one
millimeter of upper lip retraction takes place with 2.5 mm of upper incisor retraction.
Similarly, these studies have shown an average ratio of lower lip to lower incisor
movement of one to one 46,47. Rains and Nanda20 reported that the upper lip response to
treatment is a complex phenomenon which is influenced by many factors including
mandibular rotation, lower incisor movement, and the lower lip. They did not find a
significant correlation between lower lip and lower incisor tooth movement. They
concluded that general ratios based on mean values provide very limited value in
predicting final results.
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In the present study, the upper and lower lip change between pre- and post-
treatment cephalograms was studied in all three treatment groups. Our total sample
showed an average flattening of the upper lip by -1.38 mm (relative to the Sn-Pg line).
The non-extraction group had a mean retraction of-0.82 mm and the extraction group
had a mean retraction of-1.84 mm. However, this difference was not statistically
significant. The mean lower lip retraction was - 1.13 mm for the total sample. In the
non-extraction group the mean retraction was -0.97 mm and -1.74 mm in the two
premolar extraction group. The lower four premolar extraction group had a mean
retraction of-1.01 mm.
Actual upper and lower incisor retraction, in this study, did not support the
theory that incisor retraction would give more lip retraction. Nor did they support the
average ratios of 3: 1 and 1:1 for incisor movement to lip movement. These results do
not support Bravo'S54 global statement that extraction of four premolars should not be
performed to avoid unaesthetic soft tissue profile changes. His profound conclusions
were based on only 16 female patients. Similarly the present study disagrees with the
findings ofGrieve21 , Witzig22, Eie~3, and Bowbeer5. All of these studies used a small
sample, limited statistics, and based their results on clinical beliefs rather than
objective data.
The results of the present study do not support the view that extraction therapy
excessively flattens the lip profile of a growing patient. The mean lip change, between
the three groups, was too small to have a statistically and clinically significant adverse
effect on the lip profile.
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Part one of this study showed that incisor movement can be accurately
controlled. Therefore, the major decision to extract or not to extract in a particular
growing patient should be based on the initial overjet, crowding and occlusion rather
than the desired soft tissue/lip profile change. While, soft tissue/lip profile changes are
an important consideration in treatment planning a patient for either extraction or non-
extraction treatment, they should not necessarily be the first criteria on which a
treatment plan is based. The third part of the study further validates these observations.
3.Does a predictable relationship exist between the amount ofincisor movement and
lip profile? What initial variables are predictive oflip profile changes coincident with
orthodontic treatment?
This has been a debated topic in orthodontics for years. The data, in this study,
was analyzed differently than previous studies. Simple raw difference scores between
initial lip position and final lip position were not used. Instead residuals were used to
calculate the difference score. In a regression analysis, a change score would be an
inappropriate dependent variable due to the problem of regression toward the mean.
This undermines the appropriateness and validity of a change score as a dependent
variable. The best determinants of change are the mean values of the measurement
themselves. In the present study, unstandardized residuals were used as the dependent
variable. The unstandardized residual is the correlation coefficient of the before and
after values multiplied by the change score. This is a more conservative measure of
change and eliminates the effect of regression towards the mean.
An additional difference in this study was the standardization of the data to
account for the direction of tooth movement. This further refines the model in
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accounting for not only the distance from the goal but also the direction the tooth was
moved either towards or away from the goal (treatment objective). For example, the
model takes into account both the amount of incisor movement and the direction of the
incisor movement towards the goal. This standardized change score is a more
conservative measure of change. Remember that, this residual was already
standardized to account for the direction of treatment movement (see materials and
methods).
This study demonstrated the variability in the amount of lip change associated
with orthodontic treatment. This is consistent with the findings of many other authors.
O'Reilly44 stated that the profile did change with orthodontic treatment, but that the
change was unpredictable. Hershey39 found that the retraction of the upper incisors
produced a reduction in upper lip protrusion; however, the amount of reduction was
unpredictable. Rains and Nanda40 found no significant correlation between movement
of the lower incisor and the amount of response of the lower lip. Denis and Speidel38
found no prediction technique that could explain how the hard tissue movement
affected the corresponding soft tissue. Bishara55 found that neither extraction nor non-
extraction treatment had a deleterious effect on a patient's profile, if the decision was
based on sound diagnostic criteria.
There are many different clinical ways to measure lip protrusion. One is the H
Line developed by Holdaway which measures lip protrusion with a line drawn tangent
to soft tissue pogonion (Pg') and Ls. Another is Ricketts E Line that measures lip
protrusion relative to a line drawn between the tip of the nose and soft tissue Pg'. One
problem with the E Line measurement is that both the nose and the chin can vary
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greatly in a growing patient. Growth or lack of growth has a relative effect on the final
position of the lips. Burstone43 studied the variation of nose length in relation to lip
position. He determined that nose length varied twice as much as the variation in lip
protrusion. He suggested the use of the line connecting So to Pg'. Conclusions made
from these measurements using any of these references lines must be interpreted
carefully. The growth of the landmarks defining the line contribute to relative changes
in lip movement. In this study the Sn-Pg line was used to measure lip protrusion and
retrusion.
Four variables had a statistically significant effect on the amount of upper lip
change: (1) B-Pg (MP), (2) initial Pn-Sn (PH), (3)the final position of the upper incisor,
and (4) gender. These variables only accounted for 36% ofthe movement of the upper
lip during orthodontic treatment. The protrusion of the upper lip reduced, on average,
-1.36 mm with orthodontic treatment. One conclusion that can be nlade is that an,
orthodontist has relatively little control of the movement of the upper lip during
treatment. When evaluating predictors of upper lip change, gender was found to have
the largest coefficient of determination (.58). In this model males would have, on
average, an upper lip that is less protrusive by ~.6 mm than a similarly treated female.
Initial position of the skeletal chin B-Pg (MP) did have an effect on the final position
of a treated patients upper lip. Pg and Sn are landmarks included in the measurement
of upper lip protrusion, hence the measurements B-Pg (MP) and L.S. (Sn-Pg') are all
affected by patient growth. All of these measurements have a direct effect on the Sn-
Pg' reference line. The final position of the upper incisor, which could be accurately
planned, had a small effect on the final position of the upper lip.
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The variables that had a statistically effect on the lower lip were the patients
gender, initial position of the lower tooth, and length of the upper lip (Sn-Stm (PFH)).
All three of these variables taken collectively account only for 22% of the change in
the lower lip position, which, on average was -1.13 mm. Gender had a similar effect
on the lower lip as it did on the upper lip. The initial position of the lower incisor
before treatment had a predictive value on the final position of the lower lip. This
supports some studies that have found that the lower lip is significantly supported by
the lower incisor. Finally the length of the upper lip had an effect on the final position
of the lower lip. Again, this supports studies that state that the position of the lower lip
is influenced by the position of the upper lip.
No statistically significant relationship was found between the amount of
maxillary incisor retraction and the corresponding change in a patient's nasolabial
angle. This disagrees with the findings ofLo and Hunter56 who stated that for every 1
mm of upper incisor retraction, the nasolabial angle increased by 1.6 degrees. These
findings did support those of Talass et al.50 who did not find a predictable relationship
between upper incisor movement and the corresponding change in the nasolabial angle
Before treatment, the nasolabial angle average of this sample was 99.54
degrees. After treatment, the nasolabial angle of this sample decreased to 98.5 degrees.
Many studies in the literature have examined the effect of the extraction of four
premolars and its effect on these patients nasolabial angle. In this study, the four
premolar extraction group of patients had a mean initial nasolabial angle average of
99.8 degrees, and after treatment the average was 100.2 degrees. So in this sample of
patients with the extraction of four bicuspids, the nasolabial angle increased by .4
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degrees on average, which is both statistically and clinically insignificant. The decision
to extract four premolars did not have a significant effect on the nasolabial angle of
growing patients.
Drobocky and SmithS1 also found a mean increase in the nasolabial angle of
patients, treated with four premolar extraction, of5.2 degrees. Young and SmithS1
found a decrease in the nasolabial angle in 25% of their patients treated with the
removal of four premolars. Bravo54, in his sample of four premolar extraction patients,
found a mean increase in the nasolabial angle after treatment of3.7 degrees. His
information is of limited use, as his sample size was small consisting of only 16 non-
growing female patients. The present study examined growing patients. Therefore, it is
difficult to compare these findings.
VIV. CONCLUSIONS
In conclusion, this study shows that planned anterior-posterior incisor position
can be accurately achieved with proper treatment and mechanics planning.
All of the patients lips, in this study, tended to flatten, on average, during
orthodontic treatment. Therefore, it is incorrect to state that extraction treatment
flattens the profile in a growing patient more than non-extraction therapy. It is
inappropriate to generalize that extraction treatment results in greater flattening of the
lip profile compared to a similar patient treated with non-extraction therapy.
The best predictors of lip profile changes in a growing patient are the variables
of individual pre-treatment characteristics such as B-Pg(MP), gender, lower tooth
initial, Sn-Stm(PFH), Pn-Sn(FH) and upper tooth final position. Tooth movement only
accounts for a very small amount of lip profile change and has little to no clinical
significance in the resulting corresponding lip change.
The treatment decision on where to place the anterior teeth when establishing a
treatment objective should not be based solely on the soft tissue profile of a patient.
First the overjet, overbite, and crowding should be addressed to help arrive at this
decision. Concurrently the orthodontist should examine the patients soft tissue profile
to see if this supports hislher decision to extract or not extract teeth. This is do to the
fact that the treating orthodontist has less control of the lip change then they do over
the final position of the incisors. This rule may not apply to cases which are at the
extreme ends of the spectrum (i.e. those that have severely flat or severely full
profiles).
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The exercise of identifying specific objectives for each patient is a labor-
intensive process, which may not be routinely completed by many practicing
orthodontists. It is open to debate whether identical patients, one treated with out
predetermined objectives and one treated with these objectives, would result in a
different outcome. In other words, assuming treatment, in both cases, resulted in
normal overjet and occlusion for these patients; did the one with out specific
objectives end up with a similar result as the patient with predetermined objectives.
This is a very difficult question to answer and is worth considering from the
lperspective of evaluating treatment outcomes.
I
Appendix
Appendix A: Standard Error Results
Variable Type Mean Standard Deviation Standard Error
B-Pg Linear 0.11 0.94 0.65
B-S! Linear -0.15 1.31 0.90
Ar-Go-Me Angular -1.23 4.53 3.22
N-ANS (pFH) Linear 0.53 2.95 2.05
ANS-Me (pFH) Linear 0.01 2.93 2.00
NF-FH Angular 0.35 1.18 0.84
MP-FH Angular 0.07 2.50 1.71
N-A-Pg Angular 0.67 3.41 2.38
N-A(FH) Linear -0.53 1.89 1.34
N-B (PH) Linear -0.49 1.38 1.00
N-Pg (FH) Linear -1.30 2.49 1.94
A-B (OP) Linear 0.04 8.83 2.10
OP-FH Angular -0.49 3.80 2.62
mxl-FH Angular -0.39 3.76 2.59
mxl-A (FH) Linear -0.39 2.00 1.39
Is-ANS (pFH) Linear 0.36 1.36 0.96
md1-mx1 Angu ar 0.95 6.82 4.71
md1-FH Angu ar 0.49 4.29 2.95
mdl-MP Angu ar -0.61 2.99 2.09
rod1-Gn (pFH) Linear -0.13 2.58 1.77
md1-A...P~ Linear 0.01 2.06 1.41
L.S. (Sn-Pg') Linear 0.42 2.58 1.79
L.I. (Sn-Pg') Linear -0.28 2.97 2.04
G-Sn-Pg' Angular -2.77 4.87 3.86
Pn-Sn (FH) Linear 1.59 3.15 2.43
S-GO Linear 0.45 3.90 2.68
N-Me Linear 0.70 5.04 3.48
S-GO/N-Me Linear 0.15 1.37 0.94
Sn-N'-Pn Angular 1.47 3.52 2.62
FH-Sn-Ls An~lar 2.47 9.54 6.75
FH-Li-Si Angular 0.07 5.81 3.97
Esth. Plane U.L. Linear -0.57 3.14 2.18
Esth. Plane L.L. Linear -0.85 3.96 2.77
Si (li-Pg) Linear -0.05 1.39 0.95
Sn (Cm-Ls) Linear 0.52 1.99 1.41
Sn-Stm (pFH) Linear -0.75 1.83 1.36
Si-Stm (pF1I) Linear 0.53 2.22 1.56
Me'-Si (pMP) Linear 1.40 5.19 3.68
A-Sn (FH) Linear -0.57 4.25 2.93
Is-Stms (PH) Linear 0.63 1.86 1.35
md1-Stmi (FH) Linear -0.12 1.45 0.99
Pg-Pg' (FH) Linear 0.97 1.88 1.46
FMA An~ar 0.07 2.50 1.71
Incisor OveIjet Linear -0.23 0.94 0.66
Incisor Overbite Linear 0.19 1.17 0.81
Cm-Sn-Ls Angular 1.37 6.82 4.76
Planned ret Linear -0.03 0.10 0.07
Act Ret Linear 0.01 0.12 0.08
X (upper) Linear -0.24 0.74 0.53
Planned ret Linear -0.16 0.73 0.51
Act ret Linear 0.04 0.18 0.13
X (Low) Linear 0.15 0.61 0.43
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Appendix B: Descriptive Statistics
Descriptive Statistics
Mean N Std. Deviation Skewness
Diagnostic Information
AGE START 12.84 153 1.65 0.23
AGE FINISH 15.5 153 1.72 0.31
GENDER 0.51 153 0.5 -0.04
TREATMENT TIME 2.66 153 0.96 -0.5
EXTRACTION 0.91 153 0.9 0.18
ACTUAL RE1RACTION UPPER INCISOR -2.63 153 3.34 -0.39
ACTUAL RE1RACTION LOWER INCISOR -0.62 153 1.97 -0.51
Hard Tissue Measurements
B-Pg (MP) -7.43 153 1.93 0.35
Ar-Go-Me 127.61 153 6.75 0.24
N-ANS (PfH) 51.73 153 3.38 -0.23
ANS-Me (Pfh) 66.79 153 4.87 0.35
NF-FH 1.04 153 3.33 -0.61
MP-FH 27.58 153 5.65 0.28
N-A-PG 7.6 153 5.92 0.38
N-A(FH) -1.88 153 4.33 0.1
N-B (PH) -10.93 153 5.93 -0.26
N-Pg (FH) -11.08 153 7.1 -0.42
A-B (OP) 1.05 153 3.58 -0.31
FMA 27.57 153 5.65 0.28
mdl-MP 42.08 153 3.35 0.12
S-GOIN-Me 64.38 153 8.16 0.79
mdl-A-Pg 1.67 153 3.21 0.05
Soft Tissue Measurements
L.S. 5.11 153 2.5 1.17
L1 3.81 153 2.71 0.22
G-Sn-Pg 17.61 153 5.58 0.12
Pn-Sn (PH) 12.78 153 2.8 -0.6
S-GOIN-Me 29.72 153 14.27 2.13
Sn-N-Pn 16.75 153 3.58 -0.26
FH-Sn..Ls 93.44 153 8.75 0.25
FH-Li-Si 42.43 153 9.76 -0.14
ESHETIC PLANE D.L. -0.45 153 3.31 0.25
ESHETIC PLANE L.L. -1.28 153 3.05 0.39
Si (li-Pg) -6.26 153 1.59 -0.06
SN (CM-Ls) -2.34 153 1.32 -1.99
Sn-Stm (pth) 22.1 153 2.99 0.06
Si-Stm (Pfh) 15.68 153 2.63 0.24
Me-Si (Pmp) 53.29 153 5.16 0.02
Pg-Pg(FH) 12.46 153 2.37 0.49
A-Sn (FH) 17.13 153 2.88 0.89
B-Si (PH) 12.21 153 1.82 0.36
Cm-Sn-Ls 99.55 153 14.68 -3.06
Dental Measurements
OVERBITE 2.55 153 2.11 -0.35
OVERJET 6.1 153 3.07 0.85
mdI-On (PFH) 42.09 153 3.35 0.13
OP-FH 11.49 153 5.01 0.36
Mxl-FH 110.28 153 7.91 0.12
MXI-A(FH) 3.9 153 3.38 0.32
Is-ANS (Pfh) 30.85 153 2.64 0.12
mdl-mxl 127.67 153 11.95 0.21
mdl-FlI 57.94 153 8.16 0.09
mdl-mxl 94.48 153 7.18 0
Is-Stms (FH) 14.27 153 2.82 0.22
rod l-Stms(pH) 15.13 153 2.43 -0.11
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Appendix C: Confounding Variables and Their Statistical Significance (Upper Lip.•
NULSNPG NULSNPG2 UPPER LIP RESIDUAL
NULSNPG2 .83**
UPPRER LIP RESIDUAL 0.00 .56**
U~per Tooth Final -.41 ** -.25** .17*
Upper Tooth Initial 0.01 0.05 0.08
GENDER -0.14 -.22** -.18 *
Retraction group -.74** -.61 ** 0.01
AGE START -.19* -.18* -0.26
AGE FINISH -0.10 -0.11 -0.61
TREATMENT TIME .16* 0.10 -0.64
CLASS 0.14 0.06 -0.10
EXTRACTION .19* 0.06 -.19*
ACTUAL RETRACTION UPPER INCISOR ....5** ....31** -.18*
ACTUAL RETRACTION LOWER INCISOSR -.24** -.18* 0.20
B-Pg (MP) .18* .25** .16*
Ar-Go-Me 0.08 0.03 -0.07
N-ANS (PtH) -0.08 -0.15 -0.14
ANS-Me (PtH) 0.13 0.11 0.00
NF-FH 0.03 0.02 -0.01
MP-FH 0.13 0.12 0.01
N-A-PG .40** .34** 0.01
N-A (FH) 0.16 0.12 -0.03
N-B (FH) -0.08 -0.06 0.01
N-Pg (FH) -.17* -.17* -0.05
A-B (OP) .25** .16* -0.10
OP-FH 0.03 0.04 0.03
Mx1-FH .37* .29** 0.03
MX1-A-FH .47** .30** 0.03
Is-ANS (PfH) .17* .18* 0.07
md1-mx1 -.55** .48** -0.04
md1-FH -.45** -.42** -0.08
md1-MP .41** .38** 0.08
md1-Gn (Pth) 0.16 0.13 0.00
md1-A...pg .34** .38** .17*
LS .78** .61** ..0.33
LL .55** .47*· 0.04
G-Sn-Pg 0.15 .18* 0.10
Pn-Sn (FH) -0.10 -.26** -.31*
S-GO -0.10 -0.07 0.02
N-Me 0.09 0.04 0.06
S-GO/N-Me -0.03 -0.03 -0.01
Sn-n-Pn 0.01 -0.15 -.3*
FH-Sn-Ls .54** .40** ..Q.09
FH-Li-Si -.43** -.34** 0.04
ESTHETIC PLANE U.L. .66** .62* 0.13
ESTHETIC PLANE L.L. .53** .50** 0.12
Si (Ii-Pg) -.25** -.20* 0.01
SN (CM...Ls) 0.10 -0.07 -.28*
Sn-Stm (Pfh) .35** .39** .17*
Si-Stm (Pth) ....17* -0.08 0.12
Me-Si (Pmp) 0.00 0.04 0.08
A-5n (FH) -.23** -0.09 .18*
Is-Stms (FH) -.19* -0.13 0.05
md1-Stms (FH) -0.12 -0.13 -0.04
Pg-Pg (FH) .19* .25** 0.15
FMA 0.13 0.12 0.01
OVERJET .37** .25** -0.11
OVERBITE -0.08 -0.02 0.08
NASOLABIAL ANGLE -.29** -0.20 0.06
**Correlation is significant at the 0.01 level (2-taHed).
·Correlation is significant at the 0.05 level (2-tailed).
NULSNP - standardized initial lip position
NULSNPG2- standardized final lip position
Upper Lip Residual- statistical adjusted change score
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Appendix D: Regression Data (Upper Lip)
Model
Summary
R R Square Adj. R Square Std. Error ofEstimate Change Statistics
Model R Square Change F Change elfl df2 P Change
1 0.184 0.034 0.028 1.777 0.034 5.312 1 151 0.023
2 0.279 0.078 0.066 1.742 0.044 7.165 1 150 0.008
3 0.286 0.082 0.063 1.744 0.004 0.586 1 149 0.445
4 0.375 0.141 0.118 1.693 0.059 10.193 1 148 0.002
5 0.388 0.150 0.121 1.689 0.009 1.630 1 147 0.204
6 0.399 0.159 0.124 1.686 0.009 1.507 1 146 0.222
7 0.412 0.170 0.130 1.681 0.011 1.908 1 145 0.169
8 0.414 0.172 0.126 1.685 0.002 0.337 1 144 0.563
9 0.457 0.209 0.159 1.652 0.037 6.703 1 143 0.011
10 0.473 0.224 0.169 1.643 0.015 2.696 1 142 0.103
11 0.482 0.232 0.172 1.639 0.009 1.606 1 141 0.207
I
Gender
2 Gender, B-
PG(MP)
3 Gender, B-PG(MP), mdl-A-Pg
4 Gender, B-PG(MP), mdl-A-Pg, Pn-Sr
(FH)
5 Gender, B-PG(MP), mdl-A-Pg, Pn-Sn (FH), Sn-N-Pn
6 Gender, B-PG(MP), mdl-A-Pg, Pn-Sn (FH), Sn-N-Pn,
L.S.(Sn-Pg')
7 Gender, B-PG(MP), mdl-A-Pg, Pn-Sn (PH), Sn-N-Pn, L.S.(Sn-Pg'), Sn-
Stm(pFH)
8 Gender, B-PG(MP), mdl-A-Pg, Pn-Sn (FH), Sn-N-Pn, L.S.(Sn-Pg'), Sn-Stm(pFH), A-Sn
(FH)
9 Gender, B-PG(MP), mdl-A-Pg, Pn-Sn (FH), Sn-N-Pn, L.S.(Sn-Pg'), Sn-Stm(pFH), A-Sn (FH),
Upper Tooth Final
10 Gender, B-PG(MP), mdl-A-Pg, Pn-Sn (FH), Sn-N-Pn, L.S.(Sn-Pg'), Sn-Stm(pFH), A-Sn (FH),
Upper Tooth Final
11 Gender, B-PG(MP), mdl-A-Pg, Pn-Sn (FH), Sn-N-Pn, L.S.(Sn-Pgt), Sn-Stm(pFH), A-Sn (FH),
Upper Tooth Final, Extraction
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Table E: Regression data (Upper Lip)
Model Summ8l)
R R Square Adj RSquare Std. Error of the Estimate Change Statistics
Model R Square Change F Change dfl df2 P Change
1 0.184 0.034 0.028 1.777 0.034 5.312 1 151 0.023
2 0.279 0.078 0.066 1.742 0.044 7.165 1 150 0.008
3 0.372 0.139 0.121 1.689 0.060 10.462 1 149 0.002
4 0.413 0.171 0.148 1.663 0.032 5.722 1 148 0.018
5 0.431 0.186 0.158 1.653 0.015 2.762 1 147 0.099
6 0.445 0.198 0.165 1.646 0.012 2.257 1 146 0.135
1 Predictors: (Constant), GENDER
2 Predictors: (Constant), GENDER, B-Pg(MP)
3 Predictors: (Constant), GENDER, B-Pg(MP),Pn-Sn(FH)
4 Predictors: (Constant), GENDER, B...Pg(MP),Pn-Sn(FH), NIPRET
5 Predictors: (Constant), GENDER, B-Pg(MP),Pn-Sn(FH), NIPRET, Upper Tooth Final
6 Predictors: (Constant), GENDE~ B-Pg(MP),Pn-Sn(FH), NIPRET, Upper Tooth Final, Extraction
Appendix F: Regression data (Upper Lip)
Model R R Square Adj. R Square Std Error of the Estimate R Square Change F Change dfl df2 P Change
1 0.184 0.034 0.028 1.777 0.034 5.312 1 151 0.023
2 0.279 0.078 0.066 1.742 0.044 7.165 1 150 0.008
3 0.372 0.139 0.121 1.689 0.060 10.462 1 149 0.002
4 0.413 0.171 0.148 1.663 0.032 5.722 1 148 0.018
1 Predictors: (Constant), GENDER
2 Predictors: (Constant), GENDE~ B-Pg(MP)
3 Predictors: (Constant), GENDER, B-Pg(MP),Pn-Sn(FH)
4 Predictors: (Constant), GENDER, B-Pg(MP),Pn-Sn(FH), Upper Tooth Final
Appendix G: Regression Data (Upper Lip)
Coefficients
Unstandardized Standardized t Sig.
Coefficients Coefficients
Model B Std. Beta
Error
4(Constant) 3.82C 0.771 4.953 o.ooc
GENDER -0.S8S 0.282 -O.16~ -2.083 O.03g
B-Pg(MP) 0.10S 0.075 0.11€ 1.431 O.15S
Pn-Sn(FH) -0.18E 0.051 -O.28S -3.61S O.OOC
Upper 0.121 0.050 0.183 2.392 O.01S
Tooth Final
Dependent Variable: Upper lip final with baseline
partialled out (Standardized score)
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ip): Confounding Variables and Their Statistical Significance (Lower L
lower lip initial lower lip final Unstandardized Residual
I(Standardized) (Standardized)
Lower lip final (Standardized) 0.82**
Lower lip residual 0
Lower tooth final -0.18** -0.14 0.01
Lower tooth initial 0.01 0.14 0.23**
Gender -0.24** -0.29** 0.17*
Retraction group -0.78** -0.64** 0
Age start -0.18* -0.19 -0.09
Age finish -0.1 -0.14 -0.1
Treatment time 0.12 0.09 -0.03
Class -0.02** -0.02 0.01
Extraction 0.21** 0.12 -0.1
Actual retraction upper incisor -0.19* -0.24** -0.15
Actual retraction lower incisor -0.50** -0.37** 0.08
B-Pg(MP) 0.19* 0.14 -0.03
Ar-Go-Me 0.16 0.09 -0.07
N-ANS(PFH) -0.07 -0.03 0.05
ANS-Me(PFH) 0.18* 0.15 0
NF-FH -0.09 -0.09 -0.02
MP-FH 0.24** 0.17* -0.03
N-A-PG 0.31** 0.25** -0.01
N-A(FH) 0.1 0.1 0.02
N-B(FH) -0.05 -0.04 0.01
N-Pg(FH) -0.15 -0.12 0.01
AB(OP) 0.1 0.05 -0.05
OP-FH 0.06 0.07 0.04
Mx1-FH 0.13 0.20* 0.17*
Mx1-A-FH 0.18** 0.26** 0.20*
Is-ANS(PFH) 0.26** 0.16 -0.1
md1-mx1 -0.35** -0.37** -0.14
md1-FH -0.39** -0.34** -0.04
md1-MP 0.26** 0.25*· 0.07
md1 ..Gn(PFH) 0.11 0.12 0.06
md1-A-pg 0.43** 0.39 0.06
LS 0.35** 0.39** 0.18*
LL 0.56** 0.49** 0.05
G-Sn-pg 0.18* 0.16* 0.03
Pn-Sn(FH) -0.17 ** -0.27** -0.23**
S-GO -0.15 -0.09 0.06
N-Me 0.12 0.12 0.04
S-GO/N-Me 0 0 0
Sn-n-Pn -0.07 -0.18* -0.21**
FH-Sn-Ls 0.14 0.19* 0.14
FH-Li-Si -0.34** -0.32** -0.07
Esthetic plane U.L. 0.39** 0.45** 0.23**
Esthetic plane L.L. 0.56** 0.52** 0.1
Si (Ii-Pg) -0.01 -0.08 -0.13
Sn (CM-LS) -0.04 -0.15 -0.21*
Sn-Stm(PFH) 0.21* 0.32** 0.26**
Si-Stm(PFH) -0.07 -0.1 -0.07
Me-si(PMP) -0.06 -0.03 0.03
A-Sn(FH) -0.08 -0.04 0.05
Is..Stms(FH) -0.13 -0.14 -0.06
md1-stms(FH) -0.15 -0.15 -0.04
Pg-Pg(FH) 0.12 0.12 0.04
FMA 0.24* 0.17* -0.04
Overjet -0.06 0.03 0.15
Overbite -0.03 -0.1 -0.12
Nasolabial angle -0.09 -0.16* -0.15
Appendix H
**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
Upper Up Residual - statistical adjusted change score
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Appendix I: Regression Data (Lower Lip)
Model Summary
R R Square Adjusted R Square Std. Error of the Change Statistics
Estimate
Model R Square Change F Change dfl df2 PChangt;
0.176 0.031 0.024 1.871 0.031 4.808 1 151 0.030
J. 0.295 0.087 0.075 1.822 0.056 9.252 1 150 0.003
0.318 0.101 0.083 1.815 0.014 2.280 1 149 0.133
.4 0.371 0.138 0.114 1.783 0.037 6.300 1 148 0.013
.. 0.409 0.168 0.139 1.758 0.030 5.309 1 147 0.023
~ 0.422 0.178 0.145 1.752 0.011 1.915 1 146 0.168
0.431 0.186 0.147 1.750 0.008 1.367 1 145 0.244
~ 0.432 0.187 0.141 1.756 0.001 0.094 1 144 0.760
( 0.448 0.201 0.150 1.747 0.014 2.490 1 143 0.117
1 Predictors: (Constant), GENDER
2 Predictors: (Constant), GENDER, lower tooth initial (base)
3 Predictors: (Constant), GENDER lower tooth initial (base), UL-SNPG
4 Predictors: (Constant), GENDER, lower tooth initial (base), UL-SNPG,), Sn-Stm (PFH)
5 Predictors: (Constant), GENDER, lower tooth initial (base), UL-SNPG), Sn-Stm (PFH), MAXSULC
6 Predictors: (Constant), GENDER, lower tooth initial (base), UL-SNPG,), Sn-Stm (PFH), MAXSULC, Pn-Sn(FH)
7 Predictors: (Constant), GENDER, lower tooth initial (base), UL-SNPG,), Sn-Stm (PFH), MAXSULC, Pn-Sn (FH),
MX1-FH
8 Predictors: (Constant), GENDER, lower tooth initial (base), UL-SNPG, ), Sn-Stm (PFH}, MAXSULC, Pn-Sn (FH),
MXI-FH, l\1X1A-FH
9 Predictors: (Constant), GENDER lower tooth initial (base), UL-SNPG,), Sn-Stm (PFH), MAXSULC, Pn-Sn FH,
MXI-H, MXIA...PH, ESPI-L
Table J: Regression Data (Lower Lip)
M d ISo e ummary
R R Square Adjusted Std. Error of Change Statistics
R Square the Estimate
Model R Square F Change dfl dt2 P Change
Change
1 0.176 0.031 0.024 1.871 0.031 4.808 1 151 0.03
2 0.295 0.087 0.075 1.822 0.056 9.252 1 150 0.003
3 0.367 0.134 0.117 1.781 0.047 8.124 1 149 0.005
4 0.395 0.156 0.133 1.764 0.021 3.753 1 148 0.055
1 Predictors: (Constant), GENDER
2 Predictors: (Constant), GENDER, lower tooth initial (base)
3 Predictors: (Constant), GENDE~ lower tooth initial (base), So-Stm (PFH)
4 Predictors: (Constant), GENDER, lower tooth initial (base), Sn-Stm (PFH), MAXSULC
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Appendix K: Regression Data (Lower Lip)
Model R R Square Adjusted R Square Std. Error of the R Square F Change dfl df2 P Change
S E . Chummary stlmate ange
1 0.176 0.031 0.024 1.871 0.031 4.808 1 151 0.03
2 0.295 0.087 0.075 1.822 0.056 9.252 1 150 0.00
3 0.367 0.134 0.117 1.781 0.047 8.124 1 149 0.01
1 Predictors: (Constant), GENDER
2 Predictors: (Constant), GENDER, lower tooth initial (base)
3 Predictors: (Constant), GENDER, lower tooth initial (base), SNSTMPFH
Appendix L: Data Regression Equation (Lower Lip)
Unstandardized Standardized t Sig.
Coefficients Coefficients
Model B Std. Beta
Error
(Constant) -2.895 1.155 -2.507 0.013
GENDER -0.492 0.297 -0.130 -1.657 0.100
lower tooth 0.347 0.112 0.235 3.085 0.002
initial (base)
Sn-Stm(PFH) 0.142 0.050 0.224 2.850 0.005
Dependent Variable: Lower lip final with
baseline partialled out (change score)
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